Abstract. Particul-ate, and digitonin-solubilized, enzyme systems from Phaseolus aureus and Lupinus albus catalyze the biosynthesis of aqueous-insoluble glucans from UDP-D-glucose. The digitonin treatment greatly increases the enzymic activity of (per unit protein) both the 34,000g pellet and the supernatant liquid as compared with 'that of the original particles. 
cose was incorporated from UDP-D-glucose into an aqueous-insoluble 8-( 1--3) -D-glucan by a particulate preparation from Phaseolus aureus. Later, Elbein et al. (4) and Barber et al. ( 1) , using a similar particulate enzyme preparation, found that guanosine diphosphate-D-glucose was the donor of glucosyl units in the synthesis of an alkali-insoluble ,/-(1-*4)-D-glucan which they characterized as cellulose on the basis of alkali-insolubility, precipitation from a solution in 85 % phosphoric acid and production of cellodextrins on acid degradation. They could not obtain any incorporation of D-glucose into alkali-insoluble,polymer from any of the other nucleoThis investigationi u-as supported in part by a research grant A-1418 from the National Institutes of Health, United States Public Health Service and by a resarch grant G-23763 from the National Science Foundation. Support of this work by the Agricultural Experiment Station is also acknowledged. 2 On leave of absence from Weizmann Institute of Science, Rehovoth, Israel. 3 In a review (Hassid, W. Z. 1967, Transformation of sugars in plants. Ann. Rev. Plant Physiol. 18:267-68 and 271-72) the author thought that Brummond and Gibbons (2) might have synthesized a glucan similar to that which has been isolated from a number of plants, consisting of both B-(1->4) and B-( 1-3) glucosyl linkages. But under the drastic conditions of acetolvsis the laminaribiose which has a B-(1-)3) glucoside linkage and is more vulnerable to acid hydrolysis was degraded.
leaving the cellobiose wvith the more stable 8- ( 1->4) glucosidic linkage. This resulting cellobiose was taken as evidence that the polysaccharide was cellulose. However, as it will be seen in the Results, since repetition of Brummond and Gibbons' work with Lupinus albuts did not yield any cellulose but only a glucan consisting entirely of R-(1-->3) glucosidic linkages, the above criticism is not pertinent to the subject in question. In this paper an attempt was made to resolve these apparent inconsistencies and to clarify the diversity in the various enzymne preparations responsible for the apparent differences in the structures of the polymers synthesized by these various groups of workers. An investigation was also projected of the effect of the alkali-treatment on the polymer, and the influence of various treatments of the particulate enzyme preparation on the synthesis of glucans. Glucose was anialyzed by pheniol-sulfuric acid (8) and proteins by the Lowry (9) method. radioactivity (5-10 %) remained insoluble in hot alkali from either method of preparation.
Materials and Methods
Treatment of the particles with 0.8 % digitonin for 20 min caused the "solubilization" of enzymic activity. Centrifugation at 34,000g after digitonintreatment gave a pellet (containing approximately 50 % of the original protein) and a supernatant fraction. Both the pellet and the supernatant liquid showed a many-fold increase in incorporation of D-glucose from UDP-D-glucose into aqueous-insoluble polymer (table I) . Similar enzyme preparations were isolated from L. albus as described under Methods. The 10,000g fraction had much more total enzymic activity than did the 140,X000g fraction. Glucose-'4C into Aqueous-insoluble Polymer from UDP-D-Glucose-'4C The particculate enzyme was prepared as described by Barber et al. (1) and 4 successive "diluted digitonin solutions" were prepared as described under Methods, the residue from the first extraction being the source for the second solution, etc.
The buffers used for the incubations were 1, tris HOl (0.1 M, pH 7.5); 2, phosphate (0.05 M, pH 7.3); 3, cacodylate (0.05 M, pH 7.3). MgCl2 was present at 2 X 10-3 M conc and the UDP-D-glucose was at 104 M conc. Incubation was for 90 min at 250 and the aqueou-sinsoluble polymers were isolated as desoribed previously. 11,500 cpm UDP-D-glucose-'4C were present in each reaction mixture and the polymers were assayed on planchettes in the gas-flow apparatus. fig 4A and 4B) , there was no peak indicating the presence of cellobiose or cellotriose in any of the hydrolyzates. Acetolysis degraded the polymer only very slowly. After 4 days, the product was catalytically deacetvlated and the oligosaccharide mixture separated on paper in solvent 1. Most of the radioactivity did not migrate and consisted presumably of higher oligosaccharides (n, > 4, fig 3A) . The non-migrating material, on elution and hydrolysis in fuming HCl :conc HCl (1:1), gave mainly glucose, laminaribiose and laminaritriose (fig 3A) .
Specific
The oligosaccharides (n = 2-6) were purified by rechromatography in solvent 2 and their structures established by the The repetition of the above oxidations, followed by reduction Nwith sodium borohydride and complete acid hydrolysis gave arabinitol which was co-crvstallized with authentic D-arabinitol without loss of specific activity.
To the radioactive arabinitol isolated froml clhromatograms, 20 mg of recrystallized L-arabinitol (Calbiochem) was added as carrier. After 3 recrystallizations of the mixture from alcohol-ether. the cpm/mg of the arabinitol was 83.3, 85.5, aid(l 83.0. B) Smith degradation (7) of the radioactive peak corresponding to laminaribiose yielded only radioactive glycerol and arabinitol (glycerol fromll the nonreducing anid arabinitol from the reducing terminal unit), whereas the laminaritrioce peak gav e glycerol and a radioactive peak of mobility intermediate between glucose and lamninaribiose. This peak was characterized as glucosvl arabinitol by hydrolvsis with 1 N HCl in a boiling water bath ;!nd paper chromatographic mobility and the production of glucose and arabinitol on hydrolysis wi:h 1 N HCI.
The radioactive peak that correslponded to standard laminaritetraose, obtained from the neutral hvdrolyzate by the Smith degradation method, showed the presence of a radioactive peak which corresponded to standard glycerol and a peak which moved between standard laminaribiose and laminaritriose. This latter peak was characterized as laminaribiosvl arabitol, because on acid hydrolysis with 1 N HCl. it yielded only glucose and arabitol. In addition to these 2 radioactive components, a small amount of glucosyl arabinitol was produced. This disacchlaride might have originated during the partial (weak acid) hydrolysis of the borohydride-reduced. oxidized-laminaritetraose. There was no indication of the presence of erythritol in any of these hydrolyzates.
The results of the lead tetraacetate and periodate oxidation studies confirm that the radioactive polvmer contains only 1,3-glucosidic linkages.
Distribution of Radioactivity il thie Polym;ter.
Oligosaccharides (n1 = 3-6) were oxidized with lead tetraacetate, followed by reduction with sodiunm borohydride. 'The prodlucts were hvdrolyzed bv acid to glucose and arabinitol. The ratios of radioactivity in the glucose and in the arabinitol (resulting from the terminal, reducing glucose mloiety) were in agreement with those to be expected for oligosaccharides in which the various glucose moieties had similar specific activities (table II) . Effect of Partial Denaturation of the Enzymne on. Polymer Structure. A specimen of enzyme was kept for 7 hr at 5*. Samples were withdrawn immediately after preparation, after 3 hr and after 7 hr, and incubated for 30 min at room temperature with UDP-4-glucose (10-3 M conc) as described bv Barber et al. (l). The total incorporation of radioactivitv declined with preservation of the enzyme, attaining approximately 20 % after 7 hr of that given by the freshly-prepared particles. Degradation of the polymers, isolated in the usual fashion, showed no differences between the products of the 3 different enzyme samples.
.Synithesis of Non-Radioactive Polymer From UJ[DP-D--glucose. Digitonin-solubilized enzyvne from P. a,ureus (6 ml) was incubated with a solution of UDP-D-glucose ('10 2 M) in tris HCI (0.1 M, pH 7.5) in the presence of 10-3 M MgCl., in a total volume of 18 ml for 3 hr.
The aqueous-insoluble l)recipitate was collected and dried. The enzyme used contained 31 mg protein; and denaturation followed by washing with water, left an insoluble residue corresponding to 0.9 mg glucose (by analysis).
The product (17 mg) contained 3.5 mg protein, 10.5 mg glucose, and 1.5 mg of material extracted by chloroform-methanol (presumably lipid). Hence, a net synthesis of insoluble glucan corresponding to 9.6 mg of glucose was attained.
Discussion
Variations in the method of preparation of the particles and differences in the incubation mixtures caused slight variations in the incorporation of radioactivity from uridine-diphosphate-D-glucose into an aqueous-insoluble polymer. Most of the incorporated radioactivity was removed by hot alkali leaving a small but significant residual, alkali- 
